The search for limonoids started long back when scientists started looking for the factor responsible for bitterness in citrus which has negative impact on citrus fruit and juice industry worldwide. The term limonoids was derived from limonin, the first tetranortriterpenoid obtained from citrus bitter principles. Compounds belonging to this group have exhibited a range of biological activities like insecticidal, insect antifeedant and growth regulating activity on insects as well as antibacterial, antifungal, antimalarial, anticancer, antiviral and a number of other pharmacological activities on humans. Although hundreds of limonoids have been isolated from various plants but, their occurrence in the plant kingdom is confined to only plant families of order Rutales and that too more abundantly in Meliaceae and Rutaceae, and less frequently in Cneoraceae and Harrisonia sp. of Simaroubaceae. Limonoids are highly oxygenated, modified terpenoids with a prototypical structure either containing or derived from a precursor with a 4,4,8-trimethyl-17-furanylsteroid skeleton. All naturally occurring citrus limonoids contain a furan ring attached to the D-ring, at C-17, as well as oxygen containing functional groups at C-3, C-4, C-7, C-16 and C-17. The structural variations of limonoids found in Rutaceae are less than in Meliaceae and are generally limited to the modification of A and B rings, the limonoids of Meliaceae are more complex with very high degree of oxidation and rearrangement exhibited in the parent limonoid structure. To counter the problem of bitterness in citrus juice and products genetic engineering of citrus to maximize the formation of limonoid glucosides for reducing limonoid bitterness is the focus of recent and future research. Regarding the biological activities of limonoids the investigations are to be directed towards detailed characterization, quantification, and designing a simple as well as versatile synthetic route of apparently important limonoids. Extraction methods too should be optimized; evaluation and establishment of pharmaco-dynamic and kinetic principles, and structure activity relationships should be a key goal associated with limonoids so that they can be safely introduced in our arsenal of pharmaceuticals to safeguard the humanity from the wrath of disease and its discomfort.
INTRODUCTION
The search for limonoids started long back when scientists started looking for the factor responsible for bitterness in citrus. The term limonoids was derived from limonin, the first tetranortriterpenoid obtained from citrus bitter principles. 1) In 1938, Highby first isolated limonin from Washington navel orange and showed it as bitter principle of navel orange juice in 1949.
2) Ongoing studies show that limonoids are highly oxygenated, modified terpenoids and have recently attracted attention because compounds belonging to this group have exhibited a range of biological activities like insecticidal, insect antifeedant and growth regulating activity on insects as well as antibacterial, antifungal, antimalarial, anticancer, antiviral and a number of other pharmacological activities on humans. [3] [4] [5] [6] Interest in limonoids research has become greater than before also because some of them are responsible for producing bitterness in citrus fruits, which has negative impact on citrus fruit and juice industry worldwide. 7, 8) 
PROPERTIES
Limonoids are of moderate polarity, insoluble in water and hexane but soluble in hydrocarbons, alcohol and ketone 9) ; they are mostly bitter in taste and account for the scent of fresh peels of citrus fruits. Limonoids are present in neutral (noncarboxylated/aglycon) as well as acidic (carboxylated/ glucoside) forms, the former are insoluble and bitter while latter are soluble and tasteless. Chemically they are highly oxygenated triterpenes, classed as tetranorterpenoids. They present, perhaps the most extreme examples of oxidation of triterpenes in nature. 1, 10) DISTRIBUTION Although hundreds of limonoids have been isolated from various plants but, their occurrence in the plant kingdom is confined to only plant families of order Rutales and that too more abundantly in Meliaceae and Rutaceae, and less frequently in Cneoraceae and Harrisonia sp. of Simaroubaceae. The limonoids occurring in Meliaceae are also known as meliacins. Out of over 300 limonoids known to day, about one-third is accounted by neem (Azadirachta indica) and Chinaberry (Melia azedarach) alone. 1, [10] [11] [12] Citrus fruits and its closely related genera contain about 36 limonoid aglycones and 17 limonoid glucosides. 13 ) Citrus limonoids and their glucosides, the water-soluble triterpenoid compounds that occur naturally in citrus fruit and citrus juice in amounts comparable to vitamin C, can be reclaimed from citrus processing and citrus seeds as by-products in large quantities. 12) Limonin glucoside is the most abundant of the limonoid glucosides in citrus. 14) Azadirachta indica (Neem tree) a species of meliaceae family is a storehouse of limonoids containing more than hundred different limonoids and their derivatives in its different plant parts. 1, 15, 16) Other important sources of limonoids in meliaceae family are Cedrela sp., Khaya sp., Melia azedarach, Sandoricum koetjape, Swietenia mahogany, Trichilia sp. and Turraea sp. (Table 1) .
CHEMISTRY AND BIOSYNTHESIS
Limonoids are stereochemically homogenous compounds, with a prototypical structure either containing or derived from a precursor with a 4,4,8-trimethyl-17-furanylsteroid skeleton 6) ; all naturally occurring citrus limonoids contain a furan ring attached to the D-ring, at C-17, as well as oxygen containing functional groups at C-3, C-4, C-7, C-16 and C-17 17) (Fig. 1) . The structural variations of limonoids found in Rutaceae are less than in Meliaceae and are generally limited to the modification of A and B rings, the limonoids of Meliaceae are more complex with very high degree of oxidation and rearrangement exhibited in the parent limonoid structure 11, 18) (Fig. 2) . Most of the biogenetic proposals are tentative as they are not supported by valid biosynthetic studies and there is only one instance of biosynthetic investigation in neem that of nimbolide in neem leaves. The triterpenes containing a C, side chain at C-17 are supposed to be biogenetic precursors of meliacins and hence are known as protolimonoids or protomel1acins or melianes. Meliantriol was the first tetracyclic triterpenyl alcohol biogenetically related to 20(S)-tirucallol, isolated from both neem oil and the fresh fruits of Melia azedarach.
1)
Endo et al., 4) Bagge, 6) Waterman, 10) and Suarez et al. 11) have illustrated the biosynthesis of limonoids showing that limonoids are synthesized via terpenoids biosynthetic pathway, starting with cyclization of squalene, which results into a tetracyclic ion (Fig. 3) ; euphane and tirucallane (Fig. 4 ) two chemically similar compounds may be the ultimate biogenetic precursors. Oxidative degradation at the C-17 side chain of either of these nucleus results in loss of four carbon atoms and formation of b-substituted furan, further oxidations and skeletal rearrangements in one or more of the four rings, which are designated as A, B, C and D (as shown in Fig. 1) , gives rise to different groups of limonoids ( Fig. 5 ) and each group consist of number of limonoids (Fig. 6 ) possessing a variety of biological activity into their triterpene skeleton. It may be mentioned here that only plants belonging to the family Meliaceae specialize in the production of Cseco meliacins.
Deacetylnomilinic acid is described as the most likely initial precursor of all the known citrus (Rutaceae) limonoids, which itself may be biosynthesized from acetate, mevalonate and/or furanesyl pyrophosphate in the phloem region of stems. With radioactive tracer work it has been shown that deacetylnomilinic acid converts into nomilin. Both deacetylnomilinic acid and nomilin are synthesized in the phloem region of stem and then are translocated to other plant tissues such as leaves, fruit tissues and seeds. Seed and fruit tissues are capable of biosynthesizing other limonoids starting from nomilin independently, by at least four different path- (Fig. 7) . Major citrus species accumulate limonin, nomilin, obacunone and deacetylnomilin; Citrus ichangensis and relatives accumulate ichangensin (keto and ketal); Fortunella and related species accumulate calamine group limonoids such as calamine and cyclocalamin. Limonoid aglycones are endogenously converted into tasteless limonoid glucosides during fruit maturation. 4) Recently a method combining solid-phase extraction and reversed-phase high-performance liquid chromatography has been described for the isolation of two key metabolites, limonoate and nomilinoate A-ring lactones, in the limonoid biosynthetic pathway critical to citrus quality. 19) BIOAVAILABILITY OF LIMONOIDS Manners et al. 14) utilized liquid chromatography/mass spectrometry (LC-MS) to analyze the plasma of four groups of four healthy male and female subjects, administered high doses of pure limonin glucoside, for the presence of limonin to establish the absorption, metabolism, and bioavailability of citrus limonoids to humans. The plasma analysis revealed increasing amounts of limonin associated with increasing doses of limonin glucoside among the subject groups in mean maximum concentration amounts ranging from 1.74 to 5.27 nmol/l. They also observed a high degree of variability in the analyzed limonin concentration within the subject groups. The mean time to maximum concentration was 6 h. A second compound with MS/MS characteristics identical to limonin was detected in amounts up to 5.13 nmol/l and is hypothesized to be a limonin epimer. Post-study health evaluation established no ill effects among study subjects consuming high doses of limonin glucoside.
ACTIVITIES ON INSECTS
Several compounds present in plants are of great importance for their use in insect pest management and limonoids from meliaceae have potential to effectively control a variety of insect pests without harming the environment. 20) Azadirachtin (Fig. 2 ) is a C-seco limonoid, which was isolated by Morgan in 1968 as an insect antifeedant from the seeds of the Indian Neem tree, is a popular natural bio-pesticide. 1, 21) Neem protects itself from huge number of pests with a multitude of pesticidal ingredients and so far at least nine neem limonoids have demonstrated an ability to block insect growth affecting a range of species that includes some of the most deadly pests of agriculture and human health; new limonoids are still being discovered in neem but azadirachtin, salannin, meliantriol and nimbin are the best known and most significant. 22) Most research that has been done on neem plant has focused intensely on azadirachtin because it is the principal active ingredient of a unique insecticide, which is thought to be the most useful and most fascinating byproduct of the neem tree. It is thought to be so peculiar because of its mode of action: it does not immediately kill the insect like most pesticides do. Instead, when an insect eats azadirachtin, it actively attacks the insect's reproductive cycle, its feeding pattern, its bodily development, as well as acting as a direct toxin. Thus, when azadirachtin is sprayed on the plant and the insect takes a bite, the insect will no longer be able to reproduce, eat, or grow. Because this unique compound only affects the insects that consume it, other "friendly" insects, which may help pollination and other plant functions, are not harmed; it is a "narrow spectrum pesticide." Tests have shown azadirachtin to be effective on at least 200 different insect species. 3, 23, 24) Azadirachtin and related limonoids from neem tree have shown strong antifeedant and growth regulating activity and at the same time these compounds are highly bio-degradable, are very slightly toxic towards non-target organisms, while they are non-toxic towards humans and mammals in general, with very low persistence in systemic action, 21, 25) this is the reason why an array of insecticides and pesticides comprising of azadirachtin as principal constituent and based on neem extract are available today in the market. Koul et al. 26, 27) have further shown that azadirachtin being the most active compound in neem is not synergized or influenced by any other limonoid, but other non-azadirachtin limonoids show synergism in specific combination, which may be due to their different modes of action.
Several citrus limonoids and limonin derivatives too have been found to have insect controlling activities on Colorado potato beetle (Leptinotarsa decemlineata) and Spodoptera frugiperda larvae. Citrus limonoids work both as toxins and feeding deterrents. These include limonin, nomilin, and obacunone, epilimonol and limonin diosphenol. 12, 28) Citrus limonoids have been shown to suppress adult Colorado potato beetle populations due to repellency or dispersal from treated plants and they inhibit ovipositon of Colorado potato beetles due to nutritional disruption caused by limonoid induced antifeedant effects.
12) Many more limonoids have been isolated in recent years with antifeedant, insect repellent, growth disrupter, reproduction inhibitor and other insect-controlling activity ( Table 2) .
The extract of neem, azadirachtin, and a number of other limonoids isolated from several other plant species have also demonstrated larvicidal activity against larvae of Anopheles mosquito, 9, [29] [30] [31] and the black blow fly Phormia regina 32) suggesting that these limonoids can be utilized to eradicate arthropods that are responsible for transmitting many diseases. Wandscheer et al. 33) have assayed limonoid extracts of Azadirachta indica and Melia azedarach against the larvae of dengue mosquito Aedes aegypti and suggest that by improving the extraction and fractionation of crude limonoids the larvicidal activity can be enhanced.
PHARMACOLOGICAL ACTIVITIES
Anti-cancer Activity Many experimental evidences have revealed that limonoids present in citrus fruits and their juice have cancer chemopreventive property, limonoids have been shown to inhibit the growth of estrogen receptor-negative and -positive human breast cancer cells in culture, limonoids have also been found to target and stop neuroblastoma cells. 2, 8, [34] [35] [36] Hesperidin, other flavonoids, limonin 17-beta-D-glucopyranoside, and other limonoid glucosides are potential chemopreventive agents in orange juice that could account for the decreased colon tumor-genesis associated with feeding orange juice. 37) Significant cytotoxic activity has also been exhibited by limonoids isolated from Melia azedarach, 18) Melia toosendan 38) and azadirachtin A.
39)
The citrus limonoids obacunone, limonin, nomilin and their glucosides and some aglycones inhibit chemically induced carcinogenesis and a series of human cancer cell lines, with remarkable cytotoxicity against lung, colon, oral and skin cancer in animal test system and human breast cancer cells. 5, 14, [40] [41] [42] [43] [44] Obacunone was found to enhance the cytotoxicity of vincristine against L1210 cells by approximately 10-fold. Further, it was found that the cytotoxicity of other microtubule inhibitors such as vinblastine and taxol in drugsensitive KB-3-1 cells as well as in multidrug-resistant KB-V1 cells was enhanced greatly in the presence of obacunone. 45) Pure limonin glucoside and limonin, its water insoluble relative lacking glucose, have been found to possess significant anti-tumor properties in animal tests and with human cells. 14, 46) All these studies have reported the lack of toxicity of the limonoids in mammals and also have presented their modifying effect on the development of aberrant crypt foci, as well as ability of these compounds to induce specific carcinogen-metabolizing enzymes, glutathione Stransferace and quinine reductase in the liver and mucosa of the small intestine to detoxify chemical carcinogenesis. Studies show that the activity of phase II enzyme glutathione-Stransferase in the liver of the rats, fed diets containing limonin and nomilin, increased significantly in dose dependent manner. While simultaneously the limonoids nomilin and limonin were found to have no significant affect on the phase I enzyme Cytochrome P450. A dose dependent increase in small intestinal GST activity was also observed in nomilin fed animals, where as some citrus limonoids were able to in- 2) Nutritional research on health benefits of chemicals present in plant foods advocate that citrus limonoids possess substantial anticancer activity and they are also free of any toxic effects in animal models. 8) Guthrie et al. 47) were awarded a patent, recently, for proposing composition and methods for treatment of neoplastic diseases with limonoids in combination with flavonoids and tocotrienols. Anti-malarial Activity Gedunin, nimbin, nimbolide and many more limonoids isolated from Azadirachta indica, Cedrela odorata, Guarea mltiflora and Khaya grandifoliola have been identified for their in-vitro antimalarial activity on P. falciperum. 48, 49) Gedunin was found to be most effective, against Plasmodium falciperum, out of several limonoids isolated from Khaya grandifoliola and it also exhibited additive effect in combination with Chloroquine. 50) Novel antimalarial limonoids were isolated following a veterinary and self-medicative behavioral survey of wild chimpanzees in Uganda, from leaves of Trichilia rubescens.
51)
Anti-microbial Activity Germano et al. 52) have recently reported the presence of limonoids in Trichilia emetica, which can be considered responsible for activity against many clinically, isolated bacterial strains. Limonoids obtained from some Khaya species, showed good antibacterial and antifungal activity. 53, 54) In another study limonoids from several plants belonging to meliaceae as well as rutaceae family were reported to have significant antifungal activity. 53, 55, 56) In these studies the importance of structural features on activity is also illustrated.
Anti-HIV Activity Limonin and nomilin have shown to inhibit the replication of HIV-1 in a number of cellular systems. 57) A novel limonoid isolated from Clausena excavata have shown HIV-1 inhibitory activity.
58)
Other Miscellaneous Activities Limonoid 1-cinnamoyl-3,11-dihydroxymeliacarpin, isolated from Melia azedarach showed IC 50 value of 6 mml and 20 mml for vesicular stomatitis and herpes simplex (HSV-1) viruses respectively. 59) Limonoids in Trichilia emetica were considered to be responsible for hepatoprotective activity on CCl 4 induced damage in rat hepatocytes. Radical scavenging and anti-oxidant activity was demonstrated by some limonoids, which is supposed to play a role in their anti-proliferative activity. 34, 60) A reduction of low-density cholesterol in rabbits was observed after substituting orange juice and grapefruit juice for water. Further tests suggest that the limonoid contribute to cholesterol-lowering action of citrus juices. 46) Raphael and Kuttan 61) have reported immuno-modulatory activity of nomilin. Limonin is supposed to be specifically directed towards protection of lungs for clearing congestive mucus. 62) Zimmerman 63) has cited reports of cardioprotective effect of limonoids from mandarin oranges. In an in-vitro study, limonoids isolated from Swietenia humilis has exhibited a concentration dependant and non-reversible spasmogenic and uterotonic activity. 64) In-vitro anti-sickling activity of a rearranged limonoid isolated from Khaya senegalensis has been reported by Fall and co-workers, 65) they found the limonoid to have much higher activity at every concentration and incubation conditions, in comparison to the standard drug. Schmandke and Rehbrücke 44) have reported that some limonoids decrease cholesterol release in cultured human liver cells. Biswas et al. 23) in their review have reported a number of other pharmacological activities of limonoids derived from neem tree, like-anti-inflammatory, anti-arthritic, antipyretic, hypoglycemic, anti-gastric ulcer, spermicidal and diuretic.
Cedrelanolide, the most abundant limonoid from Cedrela salvadorensis has shown to interfere with monocot pre-emergence properties and also inhibits their photophosphorylation, H ϩ uptake and non-cyclic electron flow which results in inhibition of germination, seed respiration and seedling dry weights of some plant species. 66) STRUCTURE ACTIVITY RELATIONSHIPS Madyastha and Venkatakrishnan 67) have described the studies carried out on the structure-activity relationships amongst limonoids, showing that limonoids with an intact apoeuphol skeleton, a 14, 15 b epoxide, and a reactive site such as either a 19-28 lactol bridge or a cyclohexanone 'A' ring are biologically very active and absence of these structural features results in reduced activity; C-seco limonoids with an enone system in ring 'A' are potent cytotoxic and anti-malarial agents, in some of these (e.g. nimbolide 5,28-deoxonimbolide and gedunin) a,b-unsaturated ketone in ring 'A' has been proposed as common feature that is primarily responsible for their biological activity. They further say that the C-seco limonoids are two to three times more active than other limonoids and they are highly active against herbivorous insects. Data from the studies conducted by Miller et al. 35) have suggested that certain rings in the limonoid nucleus may be critical to anti-neoplastic activity. Changes in the A ring of the limonoid nucleus can lead to a loss of anti- cancer activity, whereas changes in the D ring can be tolerated without any apparent loss of biological activity. Studies carried out on azadirachtin and some of its derivatives as insect feeding deterrents that revealed that neither hydrogenation of D 22 double bonds nor deacetylation caused any change in effect but blocking of hydroxyl group affected the feeding inhibitory activity, while acetylation of azadirachtin caused a decrease in the activity to 75%, etherification with a bulky trimethylsilyl group eliminated it altogether. Thus, the stereochemical environment around hemiacetal region seemed to be critical for its activity.
1) Screening of eight derivatives of azadirachtin for their insect growth-inhibitory effect on first instar larvae of tobacco bud worm (Heliothis virescens) gave similar conclusion that the free hydroxyls are essential for maximum activity. On comparing the relative efficacy of isomeric azadirachtins and their derivatives for growth inhibition of larvae of the Mexican beetle (Epilachna varivestis) it was found that LC 50 values (ppm) were 1.66, 1.30, 12.97, 1.57, 2.80, 1.15, and 7.69 for azadirachtins A-G respectively. Interestingly, 3-detigloylazadirachtin B was the most active with LC 50 value of 0.08 ppm and the hydrogenated derivatives were more active than the parent molecules. On structural modifications and screening the new products for insect feeding deterrent action following conclusions were derived: even a simple analogue retaining the hydroxydihydrofuran portion of the molecule was 50-60% as active as azadirachtin. Compounds showing gross structural rearrangements of this portion were less active. Considering the structural homology with salannin, the uniquely high level of activity of azadirachtin apparently stems from the hydroxydihydrofuran portion of the molecule. 1, 2) In structure-activity studies of limonin, it has been determined that the furan ring and epoxide groups in the citrus limonoid structure are critical for the antifeedant activity of the limonoids against Colorado potato beetle larvae.
12) Ruberto et al. 28) evaluated the antifeedant activity of citrus-derived limonoids limonin, nomilin, and obacunone and their semisynthetic derivatives against a commercially important pest, Spodoptera frugiperda. These conversions focused on functional groups considered being important for the biological activity, namely the C-7 carbonyl and the furan ring. In particular, reduction at C-7 afforded the related alcohols, and from these their acetates, oximes, and methoximes were prepared. Hydrogenation of the furan ring was also performed on limonin and obacunone and on comparison with previously reported data it showed that insect species vary in their behavioral responses to these structural modifications. Highly significant antifeedant activity (pϽ0.01) for two natural (limonin and obacunone) and three semisynthetic limonoids (Umonol, Umonin-7-oxime, and Limonin-7-oxime acetate) was observed against S. frugiperda.
ROLE IN BITTERNESS OF CITRUS FRUITS AND ITS SOLUTION
Citrus fruits are accepted for their nutritive and medicinal value as well as for providing distinctive flavor to a wide variety of food products, making it very popular among food product designers. But, a major problem in the citrus industry worldwide is the formation of bitterness in citrus juice and products within hours after extraction of juice. This bitterness occurs in certain varieties of oranges, grapefruits and lemons having a significant negative impact commercially. Bagge 6) in his review has reported that the reason for delayed bitterness of citrus juice is due to the conversion of limonate-A-ring lactone, which is present in the carpellary membrane and albido tissue of fruits, into limonin. This reaction proceeds under acidic conditions below pH 6.5 and is accelerated by the enzyme limonin-D-ring lactone hydrolase (Fig. 7) .
Cause for bitterness of citrus fruits has been attributed to the presence of limonin, nomilin and to some extent to ichangin. 4, 68) The same reports state that their concentration decrease during the process of ripening due to conversion of limonoids into corresponding non-bitter glucosides by the activity of glucoside synthesizing enzyme, limonoid glucosyl transferase (LGTase). Kita et al. 69) have isolated a cDNA clone (Cit LGT), which encodes LGTase. According to them Cit LGT is present as a single copy of gene in the citrus genome and the amount of transcript corresponding to Cit
LGT mRNA changes the same way as the fluctuation of limonin glucoside content during fruit development of navel orange, indicating that the transcription of Cit LGT regulates the conversion of limonoid aglycones to glucosides in citrus fruits. Endo et al. 4) and Karim and Hashinaga 68) therefore propose that bitterness in citrus fruits can be reduced by manipulating enzyme activity at molecular level; they also suggest that LGTase gene can be introduced to bacterial cells, which can then be used in column as immobilized cells to convert free limonoids into glucoside. The development of a plant regeneration system for purpose of genetic engineering has been reported and it has been shown that embryos can be obtained from embryogenic callus by change of culture medium and embryogenic calli can be transformed by an Agrobacterium mediated method. Thus, genetic engineering of citrus to maximize the formation of limonoid glucosides for reducing limonoid bitterness could be targeted. 4) 
ADDITIONAL FINDINGS
The health benefits of limonoids have made the scientists to find methods to synthesize them in laboratory. 70) Patents have been obtained for industrial scale method for manufacturing limonoid glucosides contained in citrus fruit. 71) Scientists are trying to design food products, fortified with limonoids to provide prophylactic benefits against cancer and many other diseases. 15) Methods are also been established to purify limonoids 72) and increase their yields through better extraction procedures. 73) But caution has been advocated in consumption of limonoids as they may interfere with activity of other drugs 74) or may even produce harmful effects if consumed in very high quantities. 75) But except for a few exceptions in most of the studies long term consumption of limonoids have produced no adverse effects and have been found to be safe. 8, 14) It has also been suggested that limonoids may interact with other bioactive components present in fruits and vegetables and may reduce the risk of degenerative diseases, hypertension, cataract, and stroke and in particular cancers. 40) CONCLUSION Limonoids are an important group of metabolically altered triterpene, which are limited in their distribution. In recent years a large number of pharmacological studies have been carried out to indicate their beneficial effects. The medicinal properties reported include anti-cancer, anti-malarial, antimicrobial, anti-HIV, anti-viral and several others. Post-study health evaluation has established no ill effects among study subjects consuming high doses of limonin glucoside. Some of them have also shown allelopathic potential.
The citrus limonoids exhibit promising health benefits (anti-cancer, cardioprotective, anti-oxidant etc.) but are the major cause of concern due to their extreme bitterness. There is a need to develop an acceptable and versatile debittering method that can substantially remove or mitigate the bitterness of fruits and juice.
Azadirachta indica, a related plant Melia azedarach, along with several other plant species belonging to meliaceae family are a store-house of limonoids like azadirachtin and other related compounds that have feeding deterrent, insect-repellant, anti-hormone and other insect control properties against bulk of insect pests. They are also useful as larvicides for destroying larvae of Anopheles mosquito. Such reports provide an impetus to evaluate these compounds alone or in combination to identify their potential in commercial formulations that can be used as bio-pesticides in integrated pest management. However, because these are high cost biochemicals and at the same time complexicity of structures precludes their synthesis, hence biotechnology and tissue culture techniques may be extensively investigated to enhance their production to meet the increasing demands.
Regarding the biological activities of limonoids the focus is to be directed towards detailed characterization, quantification, and designing a simple as well as versatile synthetic route of apparently important limonoids. Extraction methods too should be optimized; evaluation and establishment of pharmaco-dynamic and kinetic principles, and structure activity relationships should be a key goal associated with limonoids so that they can be safely introduced in our arsenal of pharmaceuticals to safeguard the humanity from the wrath of disease and its discomfort.
